Biological safety of hot water is important, and it is affected by pipeline material to a certain degree.
compounds. Douterelo et al. (b) found that the material of the pipeline was the main factor affecting the structure of the biofilm community, and plastic pipeline samples had a higher bacterial diversity and richness than cast iron samples. Niquette et al. () found that the microbial density, growing on plastic materials such as PE (Polyethylene) and polyvinyl chloride (PVC), was lower than that on steel or iron pipelines. However, there has been little research on the effects of different materials on the growth of the biofilm in DHWS pipelines.
In this paper, the effects of polypropylene random (PPR), PVC and stainless steel (SS) on the growth of biofilm on pipeline surfaces, and the biological safety of DHWS were studied by simulating the hot water system, and the growth characteristics of the biofilm and the diversity of microbial communities on the different pipeline materials are discussed. Table 1 .
METHODS AND MATERIALS

Reactor
A biofilm annular reactor (BAR) is often used to simulate the growth of microorganisms in drinking water and study the effects of materials on biofilm growth (Gomes et al. ) .
Biofilm in DHWS in residential buildings was cultivated in a BAR with a continuous flow of hot water. In order to control the hydraulic conditions and temperatures, the test was operated in one BAR reactor. The BAR is cylindrical, including an outer cylinder and rotating inner cylinder, and the rotational speed stationary is controlled by the motor.
There is an inlet, an outlet and a biofilm sampling port on the outer cylinder. The inner cylinder can hold 18 removable slides (17.6 cm 2 per slide) for biofilm growth, including six PPR slides, six PVC slides and six SS slides. And any one of the slides can be removed at any time when the reactor is in operation. The effective volume of the reactor is 800 ml, and the shear pressure was simulated by the motor control of the inner cylinder at the speed of 30 r/min. The total flow rate of the reactor was 6.5 mL/min, making the hydraulic retention time about 2.1 h, which can minimize the planktonic growth of suspended heterotrophic organisms (Butterfield et al. ) . The temperature of the influent water in the heat transfer aluminum tube was increased by means of a water bath, and the hot water temperature in the reactor was maintained between 37.4 W C and 40.5 W C.
Prior to experimental use, the BAR reactor was disinfected with a certain concentration of NaOCl solution of 5 mg/L.
Then it was connected to a barrel container with tap water to start operation. The microbial growth test was stopped when the number of bacteria in the biofilm was significantly reduced. The duration of the whole experiment was 80 days. 
Reactor sampling
Samples were taken during the operation of the reactor, including the biofilm for biomass calculation and the influent quality index. The slides were removed from the reactor and the colonies attached to the surface of the slides were rinsed with sterile water. After using sterilized cotton swabs to wipe samples from the slides, they were then put into the 10 ml tubes with steri- 
Metagenomic sequencing
On the operation of the 20th, 40th, 60th and 80th days, the slides were taken out of the pipeline system.
PCR amplification
DNA was extracted using the EZNA Soil DNA Kit (OMEGA). The 16S rRNA genes of the bacteria were amplified from genomic DNA using a polymerase chain reaction 
Sequencing of metagenomics and statistical analysis
Sequencing was implemented on a MiSeq Sequencing instrument (Illumina). Sequences were clustered into operational taxonomic units (OTUs) by setting a 0.03 distance limit (equivalent to 97% similarity) using the MOTHUR program.
The species richness estimators, Shannon index and Simpson index were generated in MOTHUR for each sample.
Sequences were phylogenetically assigned to taxonomic classifications using MOTHUR via the RDP database. After phylogenetic allocation of the sequences down to the phylum and genus level, the relative abundance of a given phylogenetic group was calculated (Lu et al. ) .
Biofilm morphology detection
The surface structure of the treated biofilm was observed using a scanning electron microscope (SEM) (FEI nova nano450, The Netherlands), and the appropriate magnification was selected to photograph.
RESULTS AND DISCUSSION
Biofilm growth characteristics
The growth of the total number of bacteria, E. coli and HPC in the biofilm is shown in Figure 1 . The microbial growth cycles of the total amount of bacteria and E. coli on the walls of the SS, PVC, and PPR pipelines were about 60 days, and the HPC cycle was approximately 40 days. During the first 10 days, the total amount of bacteria on the three kinds of pipelines increased, noticeably, the total amount of bacteria on the wall of the PVC pipeline reached the maximum, of about 7.3 × 10 4 cfu/cm 2 on the 40th day and it began to decrease quickly to 9.6 × 10 3 cfu/cm 2 on the 60th day. Meanwhile, the total amount of bacteria on the walls of the PPR and SS pipelines increased slowly, and reached the higher number of 1.2 × 10 4 cfu/cm 2 , and 9.3 × 10 3 cfu/cm 2 respectively on the 40th day. The wall of the SS pipeline could be attached to less biomass in DHWS, which is more consistent with the conclusion of Jang et al. () , specifying that SS pipelines attached a lower amount of bacteria in the drinking water distribution system (DWDS).
As for E. coli, the amount of E. coli on the SS pipeline surface increased rapidly after 10 days, reaching , and then began to decrease on the wall of the PVC pipeline. In contrast, the amount of E. coli on the PPR surface continuously grew at a lower level until about 40 days reaching 5.6 × 10 2 cfu/cm 2 and then decreased.
As for HPC, the amounts of HPC on the walls of the three types of pipeline materials were slowly increasing during the first 40 days. They began rapidly increasing on the 40th day, and reached the maximum amount on the 60th day. The amounts of HPC on the walls of the PPR, PVC and SS pipelines were 5.4 × 10 5 cfu/cm 2 , 7.6 × 10 5 cfu/cm 2 and 2.5 × 10 5 cfu/cm 2 respectively, and the amount on the PVC pipeline was always higher. Pedersen () found that 4 months was sufficient to allow the amount of bacteria in biofilm on SS and PVC to reach the so-called 'steady state' when the free chlorine content was 0.1 mg/L. Nevertheless, residual chlorine decays faster due to the high temperature of the water in the DHWS, and it is often lower than 0.1 mg/L. Therefore, it was discovered that the biomass on PPR, PVC and SS pipelines can be quickly stabilized.
Biofilm community species
At the phylum level, Proteobacteria and Firmicutes are two types of bacteria in larger amounts before exfoliation of The proportion of Proteobacteria was 61.46% in the exfoliated biofilm, which is similar to the proportion of the biofilm on the pipelines, so Proteobacteria could be considered easy to attach and exfoliate. were drastically reduced when the biofilm was exfoliated.
In contrast, Meiothermus, Rhodobacter and Hyphomicrobium had lower proportions on the walls of the pipelines, and the amounts of them were more stable in spite of decreasing with the exfoliation of biofilm.
The dominant bacteria on the walls of the PPR, PVC and SS pipelines, before and after the exfoliation of biofilm, were slightly different. Before the biofilm was exfoliated,
Novosphingobium was a common dominant species, and the proportion was 29.85%, 23.95% and 28.30%
respectively. For the PPR pipeline, Pseudomonas and Sphingobium were also the dominant species; for the PVC pipeline, Sphingobium and Terrimicrobium were the dominant species, and for the SS pipeline, Terrimicrobium and Sphingopyxis were the dominant species. When the biofilm was exfoliated, the dominant species on the wall of the pipelines changed; Terrimicrobium and Spartobacteria genera incertae sedis were the common dominant species for the PPR, PVC and SS, at 32.79% and 15.97% on the PPR pipeline, 28.30% and 18.31% on the PVC pipeline, and 37.26%
and 13.40% on the SS pipeline respectively. But for the wall of the PPR pipeline, Sphingopyxis was also the dominant bacteria, and for the wall of the PVC pipeline,
Gemmata was also the dominant bacteria, and for the wall of the SS pipeline, Sphingobium was also the dominant bacteria. 
Richness and diversity of bacterial phylotypes
The growth process of biofilm on the walls of the PPR, PVC and SS pipelines on the 20th, 40th, 60th and 80th days was sequenced by high-throughout pyro-sequencing, and the microbial community diversity was analyzed.
With OTUs, at a 3% distance, the Shannon and Simpson indices are shown in Figure 5 . The Shannon index is usually more sensitive to species richness, while the Simpson is more sensitive to species evenness (Nagendra ). The higher the Shannon value, the higher the diversity of the community. The larger the Simpson index, the lower the diversity of the community. Figure 5 shows that the diversity of the SS, PPR, SS and PVC were higher on the 20th, 40th, 60th and 80th days, respectively, and the Shannon values were 4.37, 4.70, 4.78 and 4.43. It also can be seen that the biofilm diversity was constantly changing -SS had more species richness in the biofilm growth stage, while the DHWS was lower than that in DWDS, which might be due to the fact that the thermophilic, such as Deinococcus-Thermus, increased. At the genus level, Novosphingobium was the common dominant species before the exfoliation of biofilm; but the dominant bacteria changed when the biofilm was exfoliated.
(3) Some potential pathogens, such as Pseudomonas and Legionella, were detected in biofilm. It is suggested that effective biofilm disinfection should be considered to ensure microbiological safety in DHWS.
(4) The material of the pipeline had a certain effect on the diversity of bacteria in the biofilm; SS has more species richness in the biofilm growth stage, while after the exfoliation of biofilm, PVC and PPR have more species richness.
(5) Through the SEM photos, it was found that the apparent structure on the wall of the PVC pipelines was denser than on the PPR and SS, for much of the biomass attached on the PVC pipeline.
